Representative strains of the Bacillus cereus group of bacteria, including Bacillus anthracis (11 isolates), B. cereus (38 isolates), Bacillus mycoides (1 isolate), Bacillus thuringiensis (53 isolates from 17 serovars), and Bacillus weihenstephanensis (2 isolates) were assigned to 59 sequence types (STs) derived from the nucleotide sequences of seven alleles, glpF, gmk, ilvD, pta, pur, pycA, and tpi. Comparisons of the maximum likelihood (ML) tree of the concatenated sequences with individual gene trees showed more congruence than expected by chance, indicating a generally clonal structure to the population. The STs followed two major lines of descent. Clade 1 comprised B. anthracis strains, numerous B. cereus strains, and rare B. thuringiensis strains, while clade 2 included the majority of the B. thuringiensis strains together with some B. cereus strains. Other species were allocated to a third, heterogeneous clade. The ML trees and split decomposition analysis were used to assign STs to eight lineages within clades 1 and 2. These lineages were defined by bootstrap analysis and by a preponderance of fixed differences over shared polymorphisms among the STs. Lineages were named with reference to existing designations: Anthracis, Cereus I, Cereus II, Cereus III, Kurstaki, Sotto, Thuringiensis, and Tolworthi. Strains from some B. thuringiensis serovars were wholly or largely assigned to a single ST, for example, serovar aizawai isolates were assigned to ST-15, serovar kenyae isolates were assigned to ST-13, and serovar tolworthi isolates were assigned to ST-23, while other serovars, such as serovar canadensis, were genetically heterogeneous. We suggest a revision of the nomenclature in which the lineage and clone are recognized through name and ST designations in accordance with the clonal structure of the population.
The Bacillus cereus group comprises closely related grampositive bacteria that exhibit highly divergent pathogenic properties. Many bacteria classified as B. cereus are widely distributed in the environment, with probable reservoirs in the soil (57) , and as commensal inhabitants of the intestines of insects (35) . Occasionally they are associated with food poisoning (16) and with soft tissue infections, particularly of the eye (9) . Other members of the group that are currently classified as Bacillus thuringiensis are primarily insect pathogens. These bacteria produce toxins in the form of parasporal crystal proteins that have been widely used for the biocontrol of insect pests (49) . Occasionally, B. thuringiensis strains are responsible for human infections similar to those caused by strains of B. cereus (7, 25) . A third pathogenic phenotype is exhibited by Bacillus anthracis, a pathogen of mammals and especially ungulates that can cause human disease (36) . The principal virulence factors of B. anthracis are encoded by genes located on two plasmids: the tripartite toxin genes pag, lef, and cya are carried on plasmid pXO1, while the genes encoding the biosynthesis of the poly-D-glutamate capsule, capA, capB, and capC, are carried on a smaller plasmid, pXO2 (38) . Similarly, the crystal protein genes responsible for the major features of insect toxicity of B. thuringiensis isolates are almost invariably plasmid encoded (49) . The virulence genes of B. cereus, on the other hand, are chromosomal (17, 24, 43) .
These three species of the B. cereus group were first described around the turn of the 19th century, yet despite this long history the relationships between these organisms have yet to be completely resolved (44, 46) . Whole-genome DNA hybridization has been unhelpful (28, 37, 50) , while conventional markers of chromosomal diversity, such as 16S and 23S rRNA genes, are essentially identical (2, 3) . Comprehensive studies using a diverse range of techniques, including genomic mapping (5), pulsed-field gel electrophoresis of chromosomal DNA (4), multilocus enzyme electrophoresis (18, 19) , variable number tandem repeat mapping, BOX-PCR fingerprinting (31) , amplified fragment length polymorphism (AFLP) analysis (54) , and multilocus sequence typing (MLST) (20) , have revealed extensive genomic similarities and few consistent differences among isolates currently classified as B. anthracis, B. cereus, and B. thuringiensis. These studies have reinforced the phenotypic argument (15) that the three taxa should be considered a single bacterial species (15, 19) .
Despite such biological arguments for unification, a separate species status for these bacteria has been maintained because of their distinctive pathogenic features. Virtually all B. cereus group isolates obtained from humans or animals exhibiting the symptoms of anthrax are very closely related to each other, and B. anthracis is very likely to be a clone, particularly if associated with the toxin-encoding plasmids pXO1 and pXO2 (29, 30) . However, organisms classified as B. cereus and B. thuringiensis are more diverse, and the evolutionary relationships between all members of the group have yet to be definitively established
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to GenBank (Table 2) . Each unique sequence was assigned an arbitrary allele number by reference to the B. cereus group MLST database (http://pubmlst.org /bcereus/), which employed MLSTdbnet software (26) . The combination of allele numbers for all seven loci of a given isolate was assigned an arbitrary sequence type (ST); each ST was equivalent to a unique haplotype.
Analysis of sequence diversity. The nucleotide sequences were analyzed with the MEGA (32) and DnaSP (48) packages, which were used to calculate the (uncorrected) p distances, mean numbers of nonsynonymous (d N ) and synonymous (d S ) substitutions per site, numbers of differences among various groups of sequences, and numbers of fixed differences and shared polymorphisms among lineages. Distances among concatenated sequences were visualized by split decomposition analysis implemented in the SPLITSTREE program (23), using Hamming distances, which were equivalent to p distances.
Phylogenetic analysis. Maximum likelihood (ML) phylogenetic trees were reconstructed by using the general time-reversible model of DNA substitution, with a nucleotide substitution matrix and a shape parameter (␣) of a discrete approximation (with four categories) to a gamma distribution of rate heterogeneity among sites, the proportion of invariant sites (I), and the base composition estimated from the empirical data during tree reconstruction. For the ML tree of the concatenated data (see below), these parameter values were as follows: for the general time-reversible substitution model, A3C ϭ 0.60228, A3G ϭ 4.24750, A3T ϭ 0.91374, C3G ϭ 0.32520, C3T ϭ 6.28401, G3T ϭ 1.00000, ␣ ϭ 1.70796, and I ϭ 0.81537. The base compositions were as follows: A ϭ 0.33003, C ϭ 0.16656, G ϭ 0.23004, and T ϭ 0.27307. The parameter values for the individual loci are available upon request. To assess the phylogenetic support for groupings on the tree, we performed a bootstrap resampling analysis (1,000 replications). This analysis was run by using 1,000 replicate neighbor-joining trees estimated by the maximum likelihood substitution model described above. To obtain a general measure of the overall degree of incongruence between trees of each of the seven loci, we compared, for each locus in turn, the likelihood of the ML tree for that locus to those of the ML topologies obtained for the other loci and to 200 randomly generated trees of the same size, with the branch lengths being re-estimated in each case. If the ML trees for each locus were congruent, then all of them would have likelihoods that were higher than those of the random trees (12) . All of these analyses were undertaken by using the PAUP* 4.0 software package (53) .
RESULTS
Sequence diversity. The MLST gene fragments varied in length from 381 to 504 bp, with average p distances of 0.015 (tpi gene fragment) to 0.067 (ilvD gene fragment). The ratio of nonsynonymous to synonymous mutations (d N /d S ) was less than one for all loci, from 0.01 (pur gene fragment) to 0.110 (tpi gene fragment), revealing strong purifying selection in each case. All seven loci examined exhibited base compositions in the range of 38.6 to 44.4 mol% GϩC. The most diverse locus in terms of numbers of unique sequences was glpF, with 37 MLST alleles, and the least diverse was gmk, with 19 MLST alleles ( Table 2 ). The strains were recovered in 59 unique allelic profiles, or STs, which were numbered sequentially, with the exception that the ST-11 designation was not used. Only three STs were represented more than four times in the data set: they were ST-1 (associated with eight B. anthracis isolates), ST-8 (associated with three B. cereus and five B. thuringiensis isolates), and ST-23, which comprised five isolates of B. thuringiensis serovar morrisoni. Five STs were present four times in the data set, 3 STs were present three times, 7 STs were present twice, and the remaining 41 STs occurred only once.
Population structure. ML trees were constructed for the single sequence of 2,838 bp of concatenated loci ( Fig. 1) and individually for all seven loci (Fig. 2) . To test for the presence of similar phylogenetic signals in the eight trees obtained, we performed an ML randomization test by which the similarities in tree topologies among loci were compared to those expected by chance alone. This analysis confirmed that while the topol- ogies of the eight trees had different likelihoods, indicating that the signals present in these data were not completely congruent and therefore that the population was not entirely clonal, they were far more similar than would be expected by chance alone (Fig. 3 ). As such, there is a clear signal of phylogenetic history present in these MLST data so that they can be used to reconstruct an evolutionary history of the B. cereus group. The gmk tree conformed to the concatenated tree most consistently, and glpF, pycA, and tpi provided strain assignments that were reasonably well correlated with those in the concatenated tree. The ilvD, pta, and pur trees, however, failed to resolve the STs into the major monophyletic groups described below.
Phylogenetic groupings. The overall structure of the ML tree generated from concatenated sequences (Fig. 1) (Table 1) . Finally, a large cluster that was mostly composed of B. thuringiensis strains but that included some B. cereus isolates is described as clade 2 and labeled B. thuringiensis. The only ambiguous strain in this clade was recovered as ST-9, and the bootstrap value for this clade excluded this highly divergent strain (see below). The ML tree of concatenated sequences was used as the basis for grouping the allelic profiles into lineages. The validity of these assignments was augmented by examinations of the individual gene trees (Fig. 2) and split decomposition analyses of clades 1 and 2 (see Fig. S1 in the supplemental material). In this way, 50 of the 59 STs were grouped into eight lineages which were assigned names that were as consistent as possible with previous microbiological and serological designations but that were given a unique format (capitalized, nonitalic) to avoid confusion with valid taxonomic labels. group in the ML tree. Its composition was determined by split decomposition analysis, individual alleles that isolates had in common, and the preponderance of fixed differences compared to shared polymorphisms. Variation among and within lineages. There was an excess of fixed differences compared to shared polymorphisms in pairwise comparisons of all but two of the lineages (Kurstaki and Tolworthi), with the highest numbers of shared polymorphisms occurring between lineages that were more closely positioned in the ML tree of the concatenated sequences (Table 3) . Compared with the overall diversity of the data set, there were generally fewer sequence differences within each of the lin- eages at each locus. It was noteworthy that in many cases, multiple sequence differences were due to single genes that were present in individual STs (Table 4) , probably as a consequence of lateral gene transfer. Relationships of lineages to previous designations and phenotypic properties. All of the B. anthracis strains exhibited STs that were assigned to the Anthracis lineage (1, 2, and 3); indeed, there were only three polymorphisms identified among the 11 isolates examined, highlighting how closely related these isolates are. Although the two major phylogenetic groups (A and B) of B. anthracis (29) were evident as ST-1 and ST-3, respectively, the subdivisions within group A could not be resolved. The vaccine strain used in the United States (V770-NPI-R) was assigned to ST-2, with unique alleles at ilvD and   FIG. 3 . Maximum likelihood analysis of phylogenetic congruence in the B. cereus group. An ML tree that was reconstructed from the data for the concatenated loci and each of the seven loci was compared to each of the eight ML trees, with the branch lengths optimized for each analysis. pycA, both of which were the result of single nucleotide polymorphisms that do not appear elsewhere in the data set and probably represent mutational changes. Strains designated B. cereus were distributed among several of the lineages, indicating that the characteristics used to identify this species do not necessarily reflect the phylogenetic origins of the strains. For example, several strains of B. cereus, including the type strain ATCC 14579, were included in the B. thuringiensis-rich clade 2 in lineages Tolworthi, Kurstaki, and Thuringiensis, while most strains were assigned to clade 1. The Cereus I lineage included B. cereus ATCC 10987, an atypical xylose-positive strain isolated from cheese, and three other isolates from foods. B. cereus strains associated with the emetic form of food poisoning constitute a recognized clone (40) and were recovered here as ST-26 within the Cereus II lineage. The ST-26 strains were isolated from cases of food poisoning, except strain S710, which was isolated from soil. The latter has since been shown to synthesize the emetic toxin cereulide (1.6 ng/ml of culture fluid), consistent with its clonal root with other emetic toxin-forming strains. We included three other STs representing nonemetic B. cereus isolates in this lineage, with the lineage being distinguished by a unique pta5 allele.
The only two strains of B. thuringiensis recovered in clade 1 were allocated to the Cereus III lineage together with one strain of B. cereus that was isolated from a case of diarrheal food poisoning (Table 1 ). This lineage was the closest relative of the Anthracis lineage in our collection. Indeed, B. cereus F4370/75 was the only strain in the collection that shared an allele with B. anthracis, specifically, the gmk1 allele.
Within clade 2, the Sotto lineage was comprised almost exclusively of B. thuringiensis isolates, including both dipteran (serovar israelensis)-and various lepidopteran-active strains. The only B. cereus isolate in the Sotto lineage was an outlier (ST-9) which had atypical pur and pycA alleles, both of which were more commonly associated with the B. cereus strains of clade 1, suggesting a chimeric B. cereus/B. thuringiensis genome. Indeed, the position of ST-9 could not be resolved in the bootstrap analysis. STs in this lineage correlated loosely with previous serovar designations. For example, three strains of B. thuringiensis serovar sotto from Pakistan and Canada that were isolated over a 16-year period formed a discrete clone (ST-12), but a strain of B. thuringiensis serovar dakota from the United States was also included in this clone, while a fourth strain of serovar sotto was allocated to the unique ST-49 type. Similarly, five strains of B. thuringiensis serovar morrisoni were identical (ST-23), but a sixth strain joined a B. thuringiensis serovar israelensis isolate in ST-16. Nevertheless, the Sotto lineage was unified by four common alleles, glp15, gmk7, pta2, and tpi13, and formed a coherent (with the exception of ST-9) monophyletic group (Fig. 1) .
The Kurstaki lineage was the largest in the study, including 12 STs, 8 of which comprised exclusively or predominantly B. thuringiensis strains. Several B. thuringiensis serovars in this lineage correlated with discrete clones; notably, three strains of serovar aizawai were ST-15, three strains of serovar galleriae were ST-25, and four strains of serovar kenyae were ST-13. ST-8, comprising three strains of B. cereus and five strains of B. thuringiensis serovar kurstaki, was the only example in the study of B. cereus and B. thuringiensis strains being allocated to the same ST.
Four strains of B. thuringiensis serovar tolworthi from different continents formed the basis of the Tolworthi lineage as ST-22. They were associated with numerous other clones and strains of B. thuringiensis representing various serovars and some strains of B. cereus (Table 1; Fig. 1 ). The distinction between lineages Kurstaki and Tolworthi was slight, with only three fixed differences, but the splits graph (see Fig. S1 in the supplemental material) confirmed the divergence that was evident in the ML tree (Fig. 1) .
The remaining lineage in clade 2 comprised a clone of four B. thuringiensis serovar thuringiensis strains (ST-10) together with a strain of B. thuringiensis serovar dakota and two isolates of B. cereus ( Fig. 1 ; also see Fig. S1 in the supplemental material).
DISCUSSION
The definition of bacterial species is a continual source of debate (6, 47) . While largely pragmatic definitions have been invaluable throughout the history of bacteriology, this has led to a situation in which the degree of genetic diversity seen within different bacterial species varies widely, as does the reproducibility and accuracy of bacteriological identification to the species level. In addition, these definitions may be misleading when a major characteristic used for classification purposes is encoded by a mobile element such as a phage or plasmid.
Here we have described a sequence-based multilocus analysis of chromosomally encoded housekeeping genes to explore the relationships among members of the B. cereus group of bacteria, which have proved to be particularly refractory to traditional taxonomic investigations. The use of nucleotide sequences has several advantages. The data generated are definitive and reproducible among laboratories, and with the wide availability of complete genome sequences, genetic diversity in any part of the chromosome can be accessed rapidly and inexpensively. Furthermore, the data can be analyzed by a variety of phylogenetic and population genetic approaches to establish the nature of the variation under examination and to investigate possible evolutionary models for how this variation has arisen. A preliminary analysis of the variation detected for the seven housekeeping genes used in this study indicated that the genes were similar in their diversity and were all under strong purifying selection. The clonality that is inherent in bacterial populations as a consequence of asexual reproduction can be broken down by recombination, and it is the extent of this lateral gene transfer that sets the degree of clonality in a given bacterial population (51) . An analysis of congruence performed on ML trees generated from the concatenated loci and from each of the loci individually indicated that the B. cereus group was largely clonal, with evidence for some recombination (Table 4). However, the extent of this recombination is not sufficient to erode the phylogenetic signal in the data, as seen for some other bacterial species (12) . Previous estimates of the degrees of association and recombination between alleles (I A ) of strains of the B. cereus group similarly concluded that the population structure was clonal with limited recombination (20) . With clonal organisms, it is possible to exploit conventional phylogenetic analyses to determine the population structure and evolution as we have done here, although it is necessary to be aware of recombination events because they will compromise the analysis. Since mutation will be more important than recombination in clonal organisms, it is preferable to use nucleotide sequences rather than allelic profiles as the basis for classification and evolutionary analysis of these organisms because allelic profiles do not retain the magnitude of changes between alleles. This contrasts with the case for essentially nonclonal organisms, such as Neisseria meningitidis, for which recombination invalidates phylogenetic approaches and for which allelic profiles are a more appropriate basis for such investigations (34) .
The phylogenetic tree generated from the concatenated sequences ( Fig. 1) , together with the individual gene trees, resolved the isolates into eight distinct groups or lineages distributed between two major clades: clade 1 comprises B. anthracis and predominantly B. cereus strains, and clade 2 comprises largely B. thuringiensis strains with sporadic B. cereus isolates. A third major clade comprising other species of the B. cereus group was also observed. Four of the seven loci (glpF, gmk, pycA, and tpi) supported this primary division, while the remaining loci did not assign the STs of clade 1 to a monophyletic group, extending the finding from comparative genome sequences that lateral gene transfer has played a role in metabolic specialization in these bacteria (45) . This primary division has been noted in several other population studies of these organisms (20, 21, 44, 57) , supporting the contention that the phylogenetic signal is intact despite recent recombinational exchanges, although this will need to be confirmed through the analysis of more loci. In particular, an extensive AFLP analysis of these organisms recognized three major clusters, of which AFLP clusters 1 and 2 map almost perfectly to MLST clades 2 and 1, respectively, while representatives of AFLP cluster 3 were not included in this study (21) .
The B. cereus group comprises bacteria that have most likely evolved from a saprophyte or insect gut commensal common ancestor, principally by asexual processes. At least eight distinct lineages have arisen, each of which appears to have attained global distribution, although the presence of the unassigned B. cereus genotypes represented by ST-28, ST-30, and perhaps ST-38 suggests that more exhaustive sampling would probably identify further lineages and add definition to the extant ones. However, it is notable that B. cereus ATCC 4342 (ST-38) was unassigned in both this and a previous MLST study (20) as well as the more extensive AFLP survey (21) , suggesting that it is a true atypical strain rather than a representative of a poorly sampled lineage.
The eight lineages correlate closely with the phylogenetic branches of the AFLP analysis described by Hill et al. (21) . The mammalian pathogens present in the Anthracis lineage are similar to the insecticidal pathogens in that they form a distinct lineage that has presumably evolved as a consequence of its association with particular plasmids. Despite its wide geographic representation, the Anthracis lineage contains only three sequence genotypes and three polymorphic nucleotides, two of which are only present in a laboratory vaccine strain. It is possible that the latter polymorphisms may indicate further mutational changes in the genome of this strain that could compromise its efficacy as a vaccine. Nevertheless, the high degree of clonality among these strains is consistent with previous reports of the very low genetic diversity of this organism (29, 30) , contrasting with the multiple variants observed for the insecticidal lineages. This suggests that the Anthracis lineage is much younger than the insect pathogenic lineages. Hill et al. defined the Anthracis lineage more broadly in their AFLP analysis and included strains of B. cereus such as F4431/73 (ST-28), which was unassigned in our study, as well as strains of B. thuringiensis in their B. anthracis branch F (21). However, in view of the distinctive allelic profiles of B. anthracis strains, their strong bootstrap support, and their isolation in a splits graph (see Fig. S1 in the supplemental material), we consider it appropriate to define this lineage more strictly. The Cereus I lineage includes B. cereus ATCC 10987, for which there is now a complete genome sequence (45) that confirms its closer phylogenetic affinity to B. anthracis than to the B. cereus type strain located in clade 2.
Of the lineages in clade 2, the Sotto lineage was comprised almost exclusively of B. thuringiensis isolates. This group was recognized as branch A by AFLP analysis and was similarly composed exclusively of B. thuringiensis strains, with serovars darmstadiensis, israelensis, morrisoni, and sotto in common between the two studies (21) . Serovar assignments did not correlate perfectly with STs in this group (Table 1) . However, there is evidence that the ST designation may relate more to insect toxicity than does the serovar. For example, B. thuringiensis serovar israelensis (ST-16) constitutes a large, globally widespread clone of highly active, mosquito-pathogenic strains with similar or identical crystal proteins (Cry4Aa, Cry4Ba, Cry10Aa, and Cry11Aa) (1, 27) . Interestingly, the only strain of B. thuringiensis serovar morrisoni included in ST-16 is also a dipteran pathogen and contains Cry4 toxins (data not shown), making this ST exclusive to Cry4-containing mosquito pathogens. Most B. thuringiensis serovar morrisoni strains, on the other hand, are lepidopteran pathogens containing crystals composed of Cry1Aa and Cry1Bc and were assigned to ST-23. The preponderance of crystalliferous bacteria in this lineage is 7968 PRIEST ET AL. J. BACTERIOL.
unique among the four lineages of clade 2. The relatively high numbers of fixed differences and rare shared polymorphisms clearly delineate it from other lineages ( Table 3 ), suggesting that this line of descent represents a particularly successful association between crystal-encoding plasmids and the host genotype. The Kurstaki lineage corresponds to branch C of the AFLP analysis (21) . B. thuringiensis serovar assignments in common between the two studies include serovars aizawai, kenyae, kumamotoensis, kurstaki, and galleriae. However, the Tolworthi lineage was not recognized in the AFLP study, and isolates of B. thuringiensis serovars canadensis, entomocidus, pakistani, and tolworthi were included with Kurstaki lineage strains in branch C by AFLP (21) . The ability to distinguish between lineages Kurstaki and Tolworthi may reflect the higher resolution of MLST, although the few fixed differences and an excess of shared polymorphisms between the two lineages suggest that the division is weak. Nevertheless, there was strong bootstrap support for this division (Fig. 1) .
Most serovars in the Kurstaki and Tolworthi lineages were represented by cognate STs, reinforcing the clonal structure of B. thuringiensis noted in other studies (13, 14, 42) . B. thuringiensis serovar kurstaki strains are widespread lepidopteran pathogens containing Cry1 and Cry2 toxins and are often used for biocontrol in agriculture. B. thuringiensis serovars aizawai, galleriae, kenyae, and kumamotoensis similarly contain Cry1 toxins, although the exact compositions of the crystals in these bacteria have not been determined (14) . This is a group that apparently undergoes extensive sharing of plasmids since all are Cry1-containing types and yet discrete clones are apparent. It seems likely that some purging of diversity gave rise to the extant clones while plasmid promiscuity counters this by enhancing diversity through the generation of novel Cry proteins by recombination (8) . The result is a balance represented by numerous clones (ST-8, ST-13, ST-15, and ST-25) distributed among unique STs within the confines of the lineage. ST-8 was the only ST in the study that comprised both B. thuringiensis (Cry ϩ ) and B. cereus (Cry Ϫ ) strains. There was no sign of crystals in sporulated cultures of the B. cereus ST-8 strains that were examined by light and electron microscopy, and Western blots using an anti-Cry1 antiserum revealed a trace of crystal protein in strain S58 but none in the other two strains (data not shown). Presumably, these are strains that have lost most or all of the Cry plasmids, supporting the concept of the fluidity of plasmid-borne crystal protein synthesis in this lineage (22) .
The Thuringiensis lineage was based on the clone of B. thuringiensis serovar thuringiensis isolates from four different countries (ST-10) together with some strains of B. cereus. It correlated with branch B defined by AFLP, which also largely comprised B. thuringiensis serovar thuringiensis strains (21) .
The lineage assignments were confirmed and refined by analyses of the data by split decomposition and examinations of the sequence variation within and among the assigned lineages. On the basis of these results, a redefinition of the nomenclature of the B. cereus group was suggested. Each of the eight lineages was considered to be sufficiently distinct to warrant a separate label, and names for these lineages were chosen that were, as far as was possible, consistent with taxonomic designations but distinct in format to avoid confusion with the current system of nomenclature. Such a classification, in which the clone or phylogenetic lineage is given recognition, has been suggested for other clonal taxa, such as the four "species" of the Mycobacterium tuberculosis complex, which would become clones Africanum, Bovis, Tuberculosis, and Microti (33) . It provides for an effective taxonomy in which, for example, Anthracis can be recognized as a pathogenic lineage but other lineages will contain both entomopathogens (B. thuringiensis strains) and nonpathogens (B. cereus strains). While it may seem incongruous to retain a separate species status for bacteria that are to be included in a coherent phylogenetic taxon such as a lineage, the implications of renaming B. thuringiensis strains as B. cereus would be severe for the biocontrol industry. Therefore, for pragmatic reasons, we retained the current species identifications. Nevertheless, clones can be named or coded within lineages and associated where appropriate with specific species and pathogenic traits, such as the emetic clone (ST-26) of the Cereus II lineage or the Morrisoni clone (ST-23) of the Sotto lineage. The MLST scheme described in this study provides the basis for more extensive sampling of the B. cereus group such that the population diversity can be more fully estimated and assigned to existing and new lineages and clones in due course.
